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THE MECHANISM OF ACTION OF RUBEFACIENTS
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Investigations of the physiological action and
therapeutic effect of rubefacients have been
relatively few, and the reports have been some-
what contradictory. From the historical point
of view, the present concept of the axon reflex
is based upon the observation by microscopy of
vasodilation in response to irritant oils and the
abolition of this effect by cocaine (1). However,
the relative effectiveness of such substances for
producing an increase in blood flow has been
disputed (2). Taylor (3) measured the tempera-
tures of subcutaneous tissue and muscle in dogs
in a study of possible counterirritant action of
croton oil, mustard oil and turpentine, but
reported only slight increases interpreted as
interference with radiation of heat by the gauze
covering the experimental skin site. On the
other hand, Lange and Winer (4) reported
significant elevations in skin temperature after
applying certain proprietary preparations es-
pecially those containing mustard oil.
A new interest has developed in rubcfacients
in view of the discovery of the potent vasodilator
activity of the nicotinic acid esters (5), some of
which are highly effective when applied to the
skin in either an oil solubilizing or aqueous
vehicle. Several investigators reported that the
typical erythematous reaction and "flare"
produced by the tetrahydrofurfuryl ester of
nicotinic acid (Trafuril, Ciba) was either absent
or opposite in nature (blanching reaction) in
patients with rheumatic fever (6, 7). More
recently, the blanching reaction has been shown
to be non-specific, but probably characteristic
of inflammatory disease in the acute phase (8).
For example, this reversal of the effect of nico-
tinic acid esters has been shown to be prevalent
in atopic dermatitis (9).
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This investigation is concerned with the micro-
circulatory effects of rubefacients and the
mechanism of action.
MATERIALS AND METHODS
Because of the limitations of the nailfold
circulatory bed and the absence in man of an
adequate natural window through which to study
the microcirculation during treatment with
rubefacients, the semi-transparent cheek pouch of
the Syrian hamster, Mesocricets auralus, was
selected as the experimental site. This preparation
is lined with stratified squamous epithelium and
possesses histological characteristics of skin,
although hair and glands are absent. The readily
accessible blood vessels of the cheek pouch, Figure
1, are conveniently studied by means of high-
power microscopy and micromanipulative pro-
cedures.
Long-duration anesthesia (2 to 4 hours) was
accomplished by means of Dial with Urethane*
(0.1 cc. per 100 gm. body weight). For briefer
periods of study, pentobarbital sodium was used
(10 mg. per 100 gm. body weight). The cheek
pouch was everted (Figure 1) and prepared for
transillumination and microscopy (Figure 2)
according to the method described previously
(10). A few observations were made for compara-
tive purposes on the effects of rubefacients on the
retrolingual membrane of the frog. Microscopic
observations were made primarily at 150 mag-
nifications.
Rubefacients were applied by micropipettes,
drawn by hand from soft glass tubing held in a
small flame obtained from a hypodermic needle
gas burner. The stock tubing for this purpose
was drawn in advance to fit the chuck of the
micro-injector. The sealed tips were broken under
a dissecting microscope at 60X by touching
against a microscope slide lined with scratches
made by an abrasive. The internal diameters at
the opened tip varied from 5 to 20 microns. The
micropipettes were "filled" by dipping the tip in
rubefacient, and the solution rose by capillarity in
quantity proportional to the size and geometry
of the tube and physical properties of the rube-
facient. A few granules of inert dye were added to
the rubefacient in order to indicate the dispersion
* Supplied by Ciba Pharmaceutical Products,
Inc.
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when discharged in the tissue. Methyl green was
used for aqueous ruhefacients and Sudan III for
oils and oil-soluble substances. Loaded micro-
pipettes containing rubefacient at the tip and air
in the open shaft were clamped in the microin-
jector chuck mounted on the micromanipulator
(Figure 2). The micromanipulator (Emerson
type) was used to position the micropipettes
under the microscope objective. Diameters of
blood vessels were measured by ocular micrometry
before and after application of rubefacients.
Microscopic amounts ot rubefacients in various
concentrations were deposited adjacent to indi-
vidual arterioles, capillaries and venules. Oils
and oil-soluble substances were ejected frequently
in the form of small spherical drops, except when
introduced in larger amounts into the substance
of the connective tissue. The amount of oil could
be approximated by measuring the diameter of
the drop. The drops ranged in diameter from 50
to 100 microns. Volumes of aqueous solutions
Fxo. 1. The hamster cheek pouch is everted,
spread and pinned over a transparent lucite block
prior to observation under the microscope. Note
the rich supply of blood vessels.
Fio. 3. Arrangement of Cine-Kodak Special
Camera and light-splitting prism for recording of
significant vascular responses.
injected were not determined. A new micropipette
was used for every new solution tested and pipettes
were never refilled.
Motion picture records were taken of significant
vascular responses on Kodachrome Type A 16 mm.
film at 16 frames per second by means of a Cine-
Kodak Special Camera and light-splitting prism
(Figure 3) which permitted viewing the delivery
from the micropipette and reaction of the blood
vessels during the actual photography. Latent
periods of vasomotor responses were determined
by counting individual frames between the time
of ejection and the moment of initiation of reac-
tion. Durations of responses were variable,
depending upon the period of contact with rube-
facient.
The following rubefacients were studied as
shown in Table 1: first, esters of nicotinic acid in
several concentrations ranging from 100% to
0.1% prepared in mammalian Ringer's solution
(ethyl,* methyl,* nhexyl,* and tetrahy-
drofurfurylt esters); second, various essential
oils such as mustard (allyl isothiocyanate),*
wintergreen (methyl salicylate), clove, capsicum,
turpentine and camphor; and third, histamine
prepared as the phosphate and as histamine base.
Mammalian Ringer's solution colored with
methyl green and light mineral oil stained with
Sudan III were used as control substances. Since
arterioles were frequently found in a state of
maximal dilation, vasoconstriction was some-
times induced prior to application of rubefacients
by means of adrenalin chloride (Parke-Davis),
nor-epinephrine (Levophed), pitressin (Parke-
Davis), barium chloride, or cold Ringer's solution.
Vasoconstriction was also produced by electrical
FIG. 2. The cheek pouch is placed under the
microscope and transilluminated for study of the
microcirculation.
* Supplied by Stiefel Laboratories, Inc.
t Supplied by Ciba Pharmaceutical Products,Inc.
T
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stimulation passed through the cheek pouch or
applied directly to the vessel wall with a micro-
electrode. However, the majority of the observa-
tions on vasomotor effects were made on arterioles
which had an initial narrow appearance and sub-
sequenty proved to be capable of vasodilation
as tested with ethyl nicotinate.
Rubefacients were also applied to the entire
surface of the cheek pouch of the hamster by a
continuous irrigation method which made use of
a Murphy drip chamber and fluid delivery tube.
Irrigation bottles were arranged in tandem for
alternate delivery of the ethyl nicotinate (1%) at
hamster body temperature and at approximately
5°C. Both intact cheek pouches and those with
portions of the epithelium removed from the
upper layer were used. Chronic effects of rube-
faeients were studied in cheek pouches given
intrapouch innoculations and everted at 15 and
24-hour intervals.
In order to evaluate the possible role of innerva-
tion in the vascular responses, xyloeaine (2%)
was used as a topical anesthetic prior to appli-
cation of rubefacients. Furthermore, the branches
of the facial nerve which supply the cheek pouch
were stimulated with a Grass P-4 stimulator in an
attempt to determine the nature of the vasomotor
innervation of the cheek pouch.
RESULTS
Acute Vasomotor Responses
Vasodilation (Figures 4, 5 and 6) extending
beyond the site of contact was the predominant
response to rubefacients deposited by micro-
pipettes in a wide range of concentrations above
the threshold value (Table 1). Esters of nicotinic
acid (Figure 4), essential oils (Figure 5, A,B
and C) and histamine solutions (Figure 5, B,
E and F) produced comparable degrees of vaso-
dilation which appeared to be maximal regardless
of concentration. No qualitative or quantitative
differences were found with respect to vasomotor
FIG. 4. Vasodilation produced by esters of nicotinic acid applied with micropipettes to arterioles in
the hamster cheek pouch. Ethyl nicotinate (0.5% in Ringer's solution) produces dilation (B) as shown
by comparison with the initial state (A). In D, tetrahydrofurfuryl nicotinate (10% in Ringer's solution)
produces dilation. (Compare initial state in C). All scenes are enlargements of single frames from 16
mm. Kodachrome motion picture records taken at magnifications of ISOX.
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Fin. 5. Vasodilation produced by mustard oil and by histamine phosphate applied with micropipettes
to arterioles in the hamster cheek pouch. In A, B and C, mustard oil (1% in mineral oil) produces dila-
tion. The response in C occurred 23 seconds after application. Uniform response extending beyond
drop suggests nerve conduction. In D, E, and F, histamine phosphate (1:1,000) produces dilation.
Enlargements of single frames from 16 mm. Kodachrome motion picture records taken at magnifica-
tions of 150X.
effects among the various esters of nicotinic
acid such as ethyl (Figure 4, A and B) methyl,
n-hexyl and tetrahydrofurfuryl (Figure 4, C and
D) used as 100% solutions or diluted with
mammalian Ringer's solution. The tetrahydro-
furfuryl ester was also tried in the proprietary
vehicle as compounded under the name Trafuril
(Ciba Pharmaceutical Products, Inc.). Small
amounts were deposited in the connective tissue
near blood vessels. In this form, the ester was
effective in approximately 50% of the experi-
ments. Failure to obtain vasodilation in all cases
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Fm. 6. Vasodilation (B) produced by ethyl nicotinate (10%) applied by micropipette to arterioles
previously constricted by adrenalin chloride (A). From cinephotomicrographic record.
was probably due to slow or ineffectual diffusion
from the relatively small amounts of vehicle to
the nearby blood vessel.
In each instance the vasodilator response
occurred in a more extensive portion of the
arteriole than that in direct contact with the
rebefacient as applied by micropipette (Figure
5). Furthermore, all portions of the segments of
the blood vessels participating in the responses
appeared to dilate at the same time. This was
determined by study of the motion picture
records. These facts suggest that the vasodilation
produced by rubefacients is mediated by a con-
ducting mechanism with nerve-like properties.
In this respect, the widely-distributed, non-
myelinatcd perivascular nerve plexus, demon-
strated previously in the hamster cheek pouch
(11), provides a reasonable morphological basis
which could account for the conduction. In
addition, varying concentrations of rubcfacicnts
such as ethyl nicotinatc produced essentially
the same degree of vasodilation as measured by
ocular micrometry. This suggests a response of
the all-or-nothing type which is in agreement
with the previous evidence for smooth muscle
motor-units on small blood vessels obtained by
stimulation with micro-electrodes applied to
minute vasomotor nerves in the retrolingual
membrane of the frog (12),
Although the degree of vasodilation was similar
with various rubcfacients, differences were
found in regard to latent period and duration of
response. For example, the latent period with
mustard oil (25 seconds) was slightly longer than
that for aqueous solutions of ethyl nicotinate
(11 seconds). Furthermore, essential oils remain-
ing in contact with tissues produced a sustained
reaction as compared with aqueous solutions
which were soon diluted by Ringer's solution
which was used routinely to keep the pouch
moist. On the other hand, ethyl nicotinate
delivered by continuous drip maintained vaso-
dilation until the drip was discontinued and
replaced with Ringer's solution (observed for
periods as long as six minutes).
Since the arterioles of the check pouch fre-
quently were found in a dilated state and conse-
quently failed to respond to rubefacients, several
devices were used in an effort to induce vaso-
constriction as a basis for evaluation of the
effectiveness of rubefacients. Adrenalin chloride,
pitressin, cold mammalian Ringer's solution and
barium chloride were applied topically in various
concentrations. Vasoconstriction was produced
at times by each substance, but responses were
not obtained consistently. The probable reason
for the difficulty in obtaining constriction is the
fact that the blood vessels are embedded in a
gelatinous, mucoid matrix of connective tissue
which may interfere with penetration of applied
substances. In a few animals, hyaluronidase was
applied topically to the check pouch prior to the
use of vasoactive substances, but the findings
were not conclusive of improved penetrability.
The best results were obtained with micropipettes
which were used to apply the solutions as closely
as possible to the blood vessel walls. Vasocon-
striction was also produced by electrical stimula-
tion of the check pouch. Rubefacients applied to
arterioles previously constricted by experimental
procedures usually responded by vasodilation.
Ethyl nicotinate in concentrations of 0.1% to 10%
't 4-;
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Vasomotor
Responses
Dila-
tion
Ethyl nicotinate: (dilu-
tions with mamma-
lian Ringer)
100%
10%
1%
0.5%
0.1%
Methyl Nicotinate: 1%
n-Hexyl nicotinate: 100%
Tetrahydrofurfurylnieo-
tinate: (dilutions
with mammalian
Ringer)
100%
50%
10%
5%
5% in proprietary
vehicle (Trafuril,
Ciba)
Nicotinic Acid 5% in Uni-
base
Mustard oil: (dilutions
with mineral oil)
100%
1%
Wintergreen oil: (methyl
salicylate)
100%
5%
Camphor:
18—22% (Camphor oil)5% in mineral oilSaturated solution in
mammalian Ringer
Capsicum, tincture: 5%
in mineral oil
Clove oil:
Turpentine oil: 5% in
mineral oil
Histamine phosphate:
1:1,000
1:10,000
1:100,000
1:1,000,000
Histamine base: 1:1,000
Controls:
Ringer's solution
Mineral oil
* The notation "None" refers to the absence
of vascular response in arterioles which were
either narrow initially or constricted experi-
mentally prior to application of rubefacient.
Arterioles which had initial appearance of being
dilated usually failed to increase in diameter
with rubefacients and were presumably in a
state of maximal dilation before treatment.
TABLE 1
Vasomotor effects of rubefacients
6
23
3
8
3
2
1
4
1
5
1
8
1
1
4
5
1
1
1
3
4
1
1
17
3
4
5
3
5
1
2
3
1
1
1
1
1
3
1
2
8
31
6
13
9
3
6
6
1
8
1
6
1
1
13
2
2
2
4
2
1
33
2
1
6
10
1
8
36
6
13
9
5
6
9
1
9
1
8
1
2
14
5
2
1
1
5
5
2
1
47
5
8
24
10
16
10
was usually effective in overpowering the increase
in vasomotor tone produced by topically applied
vasoconstrictors (Figure 6).
Vasoconstriction was produced occasionally
by rubefacients given by micropipette, especially
mustard oil, even at low concentration. Occa-
sionally, limited constriction occurred on the
arteriole at the point of contact with mustard
oil, whereas dilation prevailed over an extensive
segment of the arteriole central and distal to this
site. Such responses were not common, and the
constrictor effect was sharply localized in con-
3 trast with the more extensive nature of vaso-
dilator responses. Ethyl nicotinate and tctra-
hydrofurfuryl nicotinate also produced local
2 constriction in a few experiments. No constriction
was obtained from rubefacients by the method of
continuous drip.
In view of the nerve-like characteristics of the
vasodilator responses obtained with rubcfacicnts,
and the extensive nonmyelinated pcrivascular
plexus previously demonstrated (11, 13) it
seemed important to ascertain the type of vaso-
motor innervation of the cheek pouch. According
to Priddy and Brodie (14), three branches of the
facial nerve (buccolabialis superior, buccolabialis
inferior and marginalis mandibulac) innervate
the longitudinal musculature of the pouch wall
and two or three branches of the spinal accessory
nerve supply the antagonistic retractor muscle
3 which inserts in fascia closely surrounding the
pouch. Presumably, the vasomotor fibers are
distributed by one or more of these nerve trunks,
particularly the branches of the facial nerve
which penetrate into the pouch wall. Conse-
quently, all three rami of the facial nerve were
exposed in the cheek region and prepared for
electrical stimulation with a Grass P-4 stimulator.
The ipsilatcral cheek pouch was transilluminated
14
at 150x in the usual way and the microcirculation
studied before, during and after nerve stimula-
7 tion. Individual small arterioles with initial
16 spontaneous constriction as shown by a narrow
appearance were studied. Electric currents
15 ranging from 1 to 150 volts and frequencies from
10 5 to 1,000 impulses per second were tried. A
slight vasodilation was observed in a few in-
stances from stimulation of each of three rami.
When the arterioles were constricted experi-
mentally with adrenalin chloride, pitressin, or
cold Ringer's solution, electrical stimulation of
the branches of the facial nerve was without
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effect. Electrodes were placed on opposite sides
of the cheek pouch and strong currents were
passed through the tissue. This produced con-
striction of some but not all arterioles in most of
the preparations studied. No vasoconstriction
was obtained at any time from direct nerve
stimulation. Stimulation of the central end of
the cut sciatic and femoral nerves was followed
by an apparent increase in rate of blood flow in
the cheek pouch, but this procedure failed to
elicit reflex vasoconstriction in the cheek pouch.
Although these results are not conclusive, vaso-
dilator fibers are probably present which would
be consistent with the well-known parasympa-
thetic vasodilator nerve components reported in
the facial nerve of other species. Furthermore,
this is in agreement with the finding of vaso-
dilator responses from stimulation of the gross
lingual nerve trunks (glossopharyngeal and
hypoglossal) in the frog (13).
In order to obtain further evidence concerning
the possible role of innervation in rubefacient
action, the cheek pouch of the hamster was
flooded with xylocaine (2%) or novocaine (0.5%
to 2.0%) as a topical anesthetic prior to applica-
tion of rubefacients. Both anesthetics consistently
produced vasodilation spontaneously. Vasoactive
substances and electrical shocks were used
frequently to induce vasoconstriction in xylo-
cainized and novocainized preparations. The
vasodilating capacity of arterioles was checked
prior to treatment with xylocaine by responsive-
ness to topically-applied ethyl nicotinate (1%).
At 2 to 10 minutes after flooding the pouch with
the anesthetic agent, ethyl nicotinate (0.1% to
100%) was again applied by micropipette to the
same arterioles which dilated before treatment.
In 50% of the experiments, xylocaine abolished
the vasodilator effect of the rubefacient. Perhaps
the positive responses after anesthesia are due to
direct action of the nicotinate on the vascular
smooth muscle.
The types of blood vessels participating in the
responses were arterioles and the proximal por-
tions of precapillary arterioles known as "vascu-
lar sphincters." In certain tissues of some species,
such as the retrolingual membrane of the frog,
the vascular smooth muscle layer becomes dis-
continuous on the terminal arterioles and may
extend onto the point of origin of the true capil-
laries forming a "capillary sphincter." In mam-
malian species such as the hamster, the sphincters
may occur primarily on precapillary arterioles
which supply blood to a network of non-muscular
capillaries. The behavior of capillary and vascular
sphincters, acting independently of the supplying
arterioles, has been recorded previously on
motion picture film (15). Vascular sphincters
have been shown to be particularly sensitive to
circulating and topically-applied vasoconstrictor
substances and to electrical stimulation with
micro-electrodes. Rubefacients are effective at
vascular sphincters, but not appreciably more
so than on arterioles. The capillaries per se and
non-muscular venules do not increase in diameter
in response to rubefacients. Although rubefacients
frequently improved the rate of blood flow
through capillaries and sometimes initiated flow
in capillaries devoid of blood, the only changes
in size were due to slight passive distention. This
is in agreement with the generally accepted con-
cept that the true capillaries are devoid of smooth
muscle elements and are non-contractile in
mammals (16, 17). Larger venules possessing
smooth muscle cells dilated in response to
rubefacients.
Since the release of histamine or histamine-
like substances has been postulated as a possible
factor in explaining the action of rubefacients,
solutions of histamine phosphate and histamine
base were applied to the walls of small blood ves-
sels with micropipettes. Arteriolar vasodilation
was produced (Figure 5, D, E and F) comparable
to that obtained with nicotinic acid esters. The
capillaries did not increase in diameter, although
the rate of flow frequently increased as a result
of the arteriolar dilation. In this respect, the
frequent textbook statement that histamine
"dilates the capillaries" might well be amended
to read "dilates the small arterioles and thereby
increases blood flow in the capillaries." Further-
more, statements to the effect that histamine
"opens" capillaries which were "closed" might
be worded more accurately as "initiating circula-
tion" in capillaries in which the blood was "not
circulating" prior to histamine treatment. The
implication that capillaries either constrict
actively or collapse passively, inherent in the
terms "open" and "close" are both incorrect and
inconsistent with the behavior of the micro-
circulation as seen at high magnifications (13).
Non-muscular venules were not affected by
histamine applied topically. Although the vaso-
dilator response to histamine was similar to that
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obtained with rubefacients, it does not seem
likely that responses initiated by rubefacients
are dependent upon tissue injury with resultant
release of histamine-like products.
Irritant and Inflammatory 1iffects
Concentrated solutions of tetrahydrofurfuryl
nicotinate and ethyl nicotinate were applied to
the hamster cheek pouch by micropipette or in
larger amounts by hypodermic syringe. Stasis
developed almost instantaneously in the venules
of the exposed tissue. Intravascular hemolysis
occurred, characterized by profound color
changes in the erythrocytes. Extravasation of
fluid and dissolved components of the plasma
was shown by the diffuse brown areas which
developed initially in the tissues surrounding
venous junctions and later in the perivascular
region of the other small vessels. The brown
staining reaction is presumably due to the release
of hemoglobin from the red cells and escape of
this substance into the tissue spaces. Prior to
stasis, erythrocytes were observed in the process
of forming circulating aggregates.
In a few experiments, 100% solutions of
nicotinic acid esters (tetrahydrôfurfuryl and
ethyl esters) and also mustard oil wete injected
intrapouch, and the chronic microcirculatory
effects were studied under low magnification
(Gx) and higher power (150x) at 15 hours
after injection. Severe vascular and tissue injury
occurred in proportion to the amount of the
concentrated solution utilized. The cheek pouches
became erythematous and edematous. In the
preparations transilluminated for microcircula-
tory studies, petechial hemorrhages were ob-
served at venular junctions and platelet thrombo-
embolism was a comparatively frequent oc-
currence.
DISCUSSION
Since the extent of the vasodilator response
exceeded the portion of the vessel wall exposed to
the rubefacient (Figure 5), a conducting mecha-
nism involving the innervation has been suggested
as the basis for rubefacient action. This is further
indicated by the fact that the vascular smooth
muscle responded simultaneously throughout
the reacting portion of the blood vessels as
shown by motion picture records. The extent
and rapidity of the response were consistently
greater than that to be expected from diffusion
of rubefacients or hypothetical intermediary
tissue injury products. This is particularly true
of the essential oils and 100% solutions of nico-
tinic acid esters which retain a localized position
and spherical shape for some time after deposi-
tion. Furthermore, the predominant vasodilation
in response to rubefacients is consistent with the
vasodilator effect of electrical stimulation of the
minute nerve fibers with microelectrodes as
previously reported (14).
The morphological features of the innervation
of blood vessels in the cheek pouch of the hamster
and also the retrolingual membrane of the frog
have been described previously in whole mounts
stained differentially with methylene blue, fixed
in ammonium picrate, and mounted in glycerin
(13). A gross primary nerve plexus of non-
myelinated fibers is found in the connective tissue
with meshes as wide as the networks of arterioles.
Nerve fibers from this plexus approach the walls
of arterioles and join the secondary perivascular
nerve plexus consisting of fibers which course
parallel with the blood vessels. A rich, finely
meshed tertiary nerve plexus is present in suffi-
cient quantity to innervate every vascular
smooth muscle cell including those composing
the precapillary arteriolar sphincters. Presum-
ably the vasodilation obtained with rubefacients
in our experiments was produced by stimulation
of the perivascular nerve plexus. Furthermore,
it is believed that rubefacient action in skin is
probably mediated by stimulation of the nerve
fibers which supply the perivascular nerve plexus.
Although histamine phosphate and histamine
base produced vasodilation in high concentra-
tions, it does not seem necessary to postulate
the production and diffusion of an intermediary
product of tissue injury as the mechanism of
action of rubefacients. Furthermore, it does not
seem probable that dilute solutions of nicotinic
acid esters would produce sufficient damage to
tissue for release and spread of enough histamine-
like substances to account for the abrupt and
sustained vasodilator responses.
Evidence for a nerve conducting mechanism
as the basis of the rubefacient action is derived
from the experiments with xylocaine which
blocked the vasodilator responses to ethyl
nicotinate. However, a direct effect on vascular
smooth muscle is not precluded since vasodilation
was obtained with nicotinates in 50% of the
xylocainized cheek pouches. The results of
electrical stimulation of the branches of the
facial nerve which innervate the cheek pouch
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were not conclusive, but slight vasodilation was
observed in a few instances. No vasoconstriction
was obtained from direct stimulation of these
nerve trunks. Vasodilator fibers are probably
present in the facial nerve although difficult to
demonstrate. These findings support the concept
that local factors may predominate in the regula-
tion of the microcirculation, rather than control
by nerve impulses of central origin (17). How-
ever, the aboliton of vasodilator responses to
rubcfacicnts by means of xylocaine in 50% of the
experiments is evidence that the effects, charac-
terized by nerve-like properties, are mediated
by the rich perivascular nerve network which
has been demonstrated histologically.
SUMMARY
1. The mechanism of action of rubefacients,
especially the esters of nicotinic acid, has been
investigated by use of the cheek pouch of the
hamster for study of response of the microcircu-
lation. Cinephotomicrographic records on Koda-
chrome films at 150 x have been edited in the
form of a motion picture entitled, "Response of
the Microcirculation to Rubefacients."
2. Vasodilation was produced consistently by
ethyl, methyl, n-hexyl and tetrahydrofurfuryl
esters of niéotinic acid applied topically to the
walls of arterioles from micropipettes in concen-
trations ranging from 100% to 0.1% for those
soluble in mammalian Ringer's solution. Essen-
tial oils such as mustard, wintergrcen, clove and
camphor also produced vasodilation.
3. Tn a few instances, sharply localized vaso-
constriction was obtained especially with higher
concentrations.
4. The blood vessels participating in the
response were arterioles and precapillary arterio-
lar sphincters. Capillaries and non-muscular
venules did not react to rubefacients.
5. Irritant and inflammatory effects of con-
centrated solutions of nicotinic acid esters and
mustard oil were studied.
6. Although histamine produced vasodilation
when applied topically by micropipette, hypo-
thetical tissue injury substances do not seem to
afford a necessary or logical explanation for the
erythematous effect of dilute aqueous solutions
of ethyl nicotinate.
7. The characteristics of the vasodilator
responses suggest mediation by a nerve conduc-
tion mechanism. For example, the prompt,
extensive uniform reaction involving a greater
portion of the vessel wall than that exposed to
the rubcfacicnt implicate the perivascular nerve
plexus. Treatment of the cheek pouch with
xylocaine abolished the vasodilator response to
rubcfacients in 50% of the experiments.
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